This paper reviews the historical, conceptual and operational development of the field of sustainability from a theoretical and practical perspective. It discusses the advantages and disadvantages, omissions and additions to various sustainability approaches. These sustainability elements are combined in a hierarchical framework to enable a clearer understanding of the interrelations between the various definitional elements.
Introduction
This paper is the product of a wide-ranging review of sustainability concepts, principles and frameworks, originally with a focus on operationalising sustainability for the minerals industry [1] . The review has been supplemented and revised to provide a succinct commentary on the current methods of understanding, framing and measuring sustainability.
History of sustainability
Sustainability has only been recognised formally as a concept within the last half-century, with developments in contributions towards understanding the topic accelerating mainly from the late 1970s. On the other hand, examples of unsustainability are apparent in history which dates back as far as 400 to 800 C.E. where resource overuse, uncontrolled materialism and overpopulation contributed to the ultimate downfall of the inhabitants of Easter Island (Rapa Nui) [2] ; these concepts and others are recognised now as being embodied in some form in the idea of sustainability. The first commonly recognised contribution of sustainability was the apparent danger of overpopulation. Thomas Malthus, an English parson, published his Essay on Population in the late 18 th century, detailing that the world would run into serious problems stemming from the exponential growth of the population but a mere arithmetic growth in available food supply [3] . Despite Malthus's argument being denounced at the time, the ideas of resource scarcity and environmental sensitivity began to materialise as a result of global changes arising from the Industrial Revolution and world wars. After the second world war had ended, environmental awareness came to a head in 1962 when scientist Rachel Carson published Silent Spring, a book which detailed the destruction of bird life due to the widespread use of DDT [2, 3] . Although Carson was widely criticised for her supposed unrealistic scenarios and unjust scaremongering, Silent Spring is often credited with beginning the environmentalist movement as the effects of uncontrolled use of technology and human activity on the functioning of the environment began to be recognised [3] [4] [5] .
In the years following Silent Spring, new concepts that contributed to the modern understanding of sustainability began to take shape. Paul Ehrlich partially revived the Malthusian idea of overpopulation and attempted to bring the perspectives of affluence and technology into the ultimate determination of human impact on the environment [3, [6] [7] [8] . The Club of Rome, a non-profit organisation, undertook a study that attempted to model the entire world and its processes and understand the dynamics related to population, resource availability (including non-renewables, such as oil), access to food and other natural dynamics. The results of the study were published in 1972 and, in similar fashion to Carson's Silent Spring, became the centrepiece of criticism, mainly amongst the global industrial community due to unrealistic assumptions and apparent 'scare' scenarios related to resource scarcity [3, 4, [9] [10] [11] .
The United Nations (UN) began to recognise sustainability and environmental awareness as a global issue through the Stockholm convention of 1972 [12, 13] . Although the convention was important in laying the groundwork for further understanding sustainability, certainly one of the most recognised and oft quoted marks in history related to sustainability was the 1987 UN World Commission on the Environment and Development (WCED). The first formalised definition of sustainability came out of the report of the WCED, Our Common Future [3] . The chair of the WCED at the time was Norwegian Labour Party leader Gro Harlem Brundtland, hence the report's definition of sustainability is commonly known as the "Brundtland definition": "Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs" [14] .
Despite the contributing concepts and theories evolving over the greater part of the last 200 years, sustainability remains a concept that is difficult to define, whereas identifying what does not constitute sustainability is relatively easier. Some of these ideas and concepts are summarised in the chronology inTable 1. [21, 22] Note: ** United Nations Conference on the Human Environment
Hierarchy of sustainability elements
The elements of sustainability can be organised in a hierarchal fashion as shown inFigure 1, where the direction of the arrow indicates increasing specificity and practical applicability. There are a multitude of fundamental sustainability principles, theories and definitionsand practically they are applied through frameworks, methodologies and tools. The use of these allows for a better understanding of what sustainability means in practice by translating high level concepts and definitions into practical means of evaluating sustainability. Sustainability evaluations may reveal that a process, action or situation is sustainable or unsustainable, or it may convey a meaning as to "how sustainable" a process, action or situation is.
A sustainability framework is a broad, structured conceptual model which represents a first level translation of sustainability principles and fundamental definitions. Frameworks are similar to an international standard in that they define high level objectives and definitions; however, they are not usually useful for direct application in evaluation. Nevertheless, they are important for defining the boundaries of what is sustainable and what is not sustainable, similar to how a standard defines the generic requirements in order to be compliant with that particular standard.
Practical means of evaluating sustainability are achieved by methodologies. Methodologies are defined sets of actions which allow the evaluation of sustainability against a framework and its protocols. Methodologies are often the basis of sustainability tools, which provide distinct results and are usually specific to a particular application and/or broad interest group (e.g. an industrial sector, an organisation, etc.).
Tools may be comprised of quantitative measures or metrics. Metrics are measureable quantities which may be useful in contributing to evaluating sustainability. The term 'metrics' is frequently interchanged with 'indicators'.
The next section describes the major currently employed sustainability elements.
SustainabilityElements

Sustainability Frameworks
There are several frameworks available which can be used to define and measure sustainability. A selection of the most prominent frameworks will be reviewed in this section.
The Natural Step
Following the UN conference of 1987 and the endorsement of the Brundtland definition of sustainability, Dr Karl-Henrik Robert proposed his idea of a sustainable society which became known as The Natural
Step [23] . The Natural
Step framework centrally consists of a set of four conditions which describe a sustainable society: "In the sustainable society, nature is not subject to systematically increasing... • ...people are not subject to conditions that systematically undermine their capacity to meet their needs" [23, 24 ]. The last system condition is similar to the Brundtland sustainability definition of societal equity, whilst the first three system conditions are based on the laws of thermodynamics and other fundamental science [24] .
Practical
The Natural
Step provides guidance and boundaries in the sense that it dictates what aspects of life cannot be violated in order to maintain a sustainable society.
One of the more useful cognitive tools provided as part of The Natural
Step framework, however, is the backcasting methodology [23, 24] .Backcasting is the process of placing oneself in the future and imagining that success has been achieved, followed by looking back from the future to the present and asking how that achievement could be attained [23] . Backcasting lends itself as a methodology for long term planning [24] as it promotes a visionary mindset which promotes brainstorming for all conceivable opportunities. The formal steps to the backcasting approach are described in Cook [23] as the approach shown inFigure 2.
Figure 2 Graphical explanation of backcasting in The Natural
Step framework (adapted) [23] 
Triple Bottom Line
The Triple Bottom Line was coined by John Elkington, and defines the notion of sustainability as the balance of its three constituent equities:
Social Equity The first mention of the framework was in a paper by Elkington in 1994 which confirmed that "the concept of sustainable development -involving the integration of environmental thinking into every aspect of social, political and economic activity -has become central to the environmental debate" [19] . However, the message was much clearer in Elkington's 1997 book which stated that "we think in terms of a 'triple bottom line,' focusing on economic prosperity, environmental quality and -the element which business had preferred to overlook -social justice" [20] . The book clearly emphasised that sustainable development clearly advocated a thought process in accounting and decision-making that went beyond relying solely on the traditionally entrenched financial bottom line. Figure 3shows the connective relationships between each of the three forms of equity covered in the triple bottom line. The regions of intersection between the circles representing the forms of equity reveal more information than that of the previous representations. The intersections represent states which can be classed according to the types of equity represented by the intersecting circles; ultimately, the intersection of all three circles represents the sustainable state, i.e. a balance of all three equities. 
Five Capitals Model
The five capitals model is another equity (or capitals) based framework of sustainability. It was created by the Forum for the Future group and specifically uses the term 'capitals' [27] . In the traditional sense, capital has been thought of in financial or economic terms; the five capitals model emphasises that humans need access to a diverse array of resources if they are to survive and flourish. Porritt states that the five capitals, "when judiciously combined...are the essential ingredients of modern industrial productivity" [27] . The five capitals are:
• Brereton and Pattenden state that the five capitals model "has strong intellectual pedigree and is influential in the literature on regional and community development" for sustainability [21] . The additional capitals bring with them the need to think creatively about how to measure the different forms of capital and how to assess net impacts within and across capital domains [21] . The five capitals model can be graphically represented by the diagram inFigure 4. Natural capital stands as the overarching capital of the others due to its inherent pre-conditionality and underpinning of fundamental human existence [27] . As a consequence, human capital is derived from natural capital as humans exist within the biosphere [27] . Following on, humans have the capacity and the desire to collaborate, hence social capital [27] . The combination of human, social and natural capital is the basis for manufactured and financial capital, i.e. the source and development of modern economies and societies [27] .
Using the five capitals model, the Forum for the Future defines sustainability as follows: "Sustainability depends upon maintaining and, where possible, increasing stocks of certain kinds of capital so that we learn to live off the flows (the 'income') without depleting the stock of capital itself; if consumption is at the expense of investment, or results in net capital depletion so that the capital stock declines, then such consumption is not sustainable and will be reduced in the future" [22, 27] .
The literature indicates limited uptake or adoption of the five capitals model in specific applications of sustainability frameworks or indicators for projects. The framework has been more useful for evaluating sustainability in more social science contexts; for example, a variation of the framework was proposed as a basis to assess the livelihoods of Latin American rural communities in terms of sustainability and their implications for rural poverty [28] . 
Comparison of The Natural Step, Triple Bottom Line and Five Capitals Frameworks
The triple bottom line is a simple framework and perhaps this is partly accountable for the potential disadvantages of its use. As demonstrated by three different representations of the same framework, the actual balance and relationships of each of the three "bottom lines" is unclear. Moreover, the framework does not set out to define the "balance" of the three forms of equity which constitutes sustainability, although this can be seen as advantageous since the reductionist view (single indicator) is not necessarily preferable. This ambiguity on the notion of "balance" introduces the complications of strong and weak sustainability. Strong sustainability implies that all types of equity are mutually exclusive of one another and thus in order to achieve sustainability, the amount of each type of equity can only be either stable or increasing. On the other hand, weak sustainability implies that the three (or five) sets of equity can be exchanged amongst each other; this allows for the growth of one type of equity at the expense of the other one or two types; a usual precondition in the exchange of capitals is that the total equity must remain stable or increase.
The complications of substitutability are compounded due to the inherent difficulty in evaluating what is a fair and equitable exchange between capital types [15, 29] . The problems of equitable exchange may be mitigated by agreeing on a certain "exchange rate" between capitals [30] , however there are no established standards as yet for how this process may take place.
Capital-based frameworks may also lead to the disadvantage of having to consider conflicts and trade-offs between capitals, when the emphasis should be on interconnections and interdependencies as a means for advancing sustainable development [29] . Principles based frameworks, such as The Natural
Step, may avoid the difficulties of weak versus strong sustainability. The use of integrated assessment represents a judicious although difficult combination of both approaches [31, 32] . Another idea is to elicit indicators not from a specific capital but rather from the combinationof multiple capitals that provide an indicator of some important element of sustainability [33, 34] .
Nevertheless, the triple bottom line remains one of the most common frameworks used in both modern scientific and engineering research [35] as well as globally in policy decisions on sustainability. Carew and Mitchell found that the triple bottom line approach -particularly with respect to the inter-related equity model as depicted inFigure 3 -rendered sustainability in the most conceptually accessible manner to engineering academics, allowing them to most clearly understand and contest issues about sustainability (using the framework as a basis) [36] .
Other Frameworks
There are numerous other frameworks in existence. The rest of this section will discuss a select number of sustainability frameworks in brief detail.
Though focused on the mining and minerals industry, the Mining, Minerals and Sustainable Development (MMSD) project defined sustainable development using the triple bottom line concept plus the additional concept of governance to emphasise the importance of effective decision-making processes and the need for fair, equitable, accountable, transparent and democratic processes [37] .
Two frameworks which are based on the triple bottom line and risk include a mathematically-driven, full life cycle, triple bottom line risk framework by Srivasteva and Merz [38] , as well as a framework containing a formal risk assessment methodology combined with a list of specific triple bottom line risks [39] . In both frameworks, sustainability is thought of as the process of minimising (or treating) risks which are elicited by considering the threats to the ideal balance of the economic prosperity and social well-being of human societies and the environmental health of the ecosphere. The use of risk (and risk assessment) provides another level of conceptual accessibility, since risk is a well understood concept at all levels of a corporation (i.e. business risk at the corporate level, operational risk at the operational level). However, it should be acknowledged that risk is a difficult metric to aptly and defensibly quantify.
The Sustainable Business Decision Framework, which was developed for the cement industry by the Battelle Memorial Institute, is based on the triple bottom line, but includes an axis of different stakeholder types [40] . The framework (or "value matrix") shows the relevant indicators for sustainability across the dimensions of stakeholder type and equity type. On one dimension -the sustainable equities balance -attention towards proper management of environmental and social equities will result in financial benefits; along the other dimension -the stakeholder type -attention towards proper management of the external stakeholders will result in business strategic benefits that feed back to internal stakeholders (including the company) [40] .
One of the weaknesses in the methodology is that there is still a tendency for end-of-pipe sustainability thinking rather than upfront, integrated solutions. The indicator base may not be complete or ideal; however, the framework provides a good basis for characterising the sustainability impacts and benefits of a project by considering the groups of stakeholders that are affected. The framework can be extended along the third dimension of life cycle stage, which introduces additional and more specific sets of indicators [40] . Even though the framework has been developed for the cement industry, the value matrices could be adapted to other applications.
One of the problems with equity based frameworks is that there is no fundamental definition that defines whether a set of equity levels constitutes sustainability or not. The equity based frameworks, such as triple bottom line, are more commonly used to assess sustainability by setting an arbitrary datum (i.e. a time or event) and evaluating the change in equities from that moment. An effort to resolve this deficiency and address the issue of sustainability from a more anthropological point of view has been discussed in a framework which is based on "sustainability quotients" and a "social footprint" [41] . In this study, the five capitals model is reorganised into two ratios: one quotient which is based on natural (ecological) capital, and the other which is based on anthropological (anthro) capital, with the latter being a conglomeration the human, social and constructed capitals [41] . The basis of the ratios is the carrying capacity of each type of capital, which may be dynamic and are interpreted in different ways. Figure 5shows the definition of the two ratios.
In the context of corporate sustainability management, a corporation is sustainable if it only consumes up to its share of natural resources (i.e. works within the constraints of the environment which is also being consumed in tandem with other corporations) and produces an equal or greater amount of anthro capital than what it is expected to achieve (i.e. does not "overdraw" on the direct human needs but instead produces more equity to meet further human needs) [41] .
The sustainability quotients framework also introduces the concept of a binary goal orientation of sustainability. The binary orientation is similar to an absolute orientation, except that the former concept rejects the notion that a state can be more or less sustainable without being entirely sustainable or unsustainable in the first place [41] . Figure 6compares the three different orientations.
Although McElroy et al. are not specific on how the quotients can be defensibly measured (in particular, how the proportional shares of natural and anthro capital can be allocated to organisations and how the process can be defended as equitable) [41] , one of the major features the framework provides is a method of determining whether a state is wholly sustainable or not based on a fairly strong, defensible datum (i.e. carrying capacity). 
Tools and Methodologies
Frameworks provide useful conceptual structures from which to base practical means of determining, rating or otherwise assessing sustainability; practical outputs and applications of sustainability principles are achieved through tools and methodologies. Tools and methodologies are therefore the second level of the hierarchy. The two terms -tool and methodology -are frequently used interchangeably. Some tools and methodologies have been developed into computer software applications. Tools used for the purpose of enforcing a process (e.g. for legislative compliance) may be referred to as 'instruments'.
Many specific sustainability tools and methodologies exist however, this section will discuss the two most important and widely applied tools that have formed the basis of many other constructed sustainability tools.
Environmental Impact Assessment
Environmental Impact Assessment (EIA) can be described as "the process of identifying, predicting, evaluating and mitigating the biophysical, social and other relevant effects of development proposals prior to major decisions being taken and commitments made" [42] .
EIA is one of the first instruments utilised to assess a potential project for environmental impacts. In general, the EIA process is followed as a standard requirement for large projects that are likely to cause significant impact to the environment; the requirements for EIAs and their component processes may be described in legislation at all levels of government.
The EIA process involves the identification of all potential environmental (and social impacts) and relevant mitigation measures required to control those impacts. A risk assessment process is usually utilised, which also involves formal risk quantification processes and impact modelling in order to strongly demonstrate the extent of impacts before and after proposed mitigation measures.
The biggest weakness of an EIA processis that there are generally only provisions for legislative compliance and not necessarily that of continuous improvement or even a holistic approach to sustainable operation. There is evidence to support that the current process as it stands is weak in achieving the goals of environmental and biodiversity protection [43] [44] [45] . Despite the deficiencies of the EIA process, it is a necessary but insufficient step towards ensuring a commitment towards sustainable development; certainly, the effective execution of an EIA on the part of the proponent can lead to a higher propensity of acceptance of the project both legally and socially [46] , but further progress towards sustainable development relies on companies going beyond the minimal compliance level and utilising additional tools.
Life Cycle Assessment
Life Cycle Assessment (LCA) is a technique used to compare the (primarily environmental) impacts of a product or process over the entire life cycle; for example, the life cycle of a product encompasses all stages from the collection of the raw materials required to create the product (cradle) through to manufacture, use and finally its disposal (grave). Figure 7illustrates the general life cycle of a product [47] .
LCAs are conducted by comparing the environmental burden "inventories" across the life cycles of alternative processes or products. The steps involved in conducting an LCA study have been standardised in the ISO 14040 series [48, 49] .
LCA promotes holistic systems thinking, and is a useful for strategically pinpointing the stages in a production process which have the most significant environmental impacts [50] . Most sustainability analyses and tools stem from some of the techniques and concepts embodied by LCA -particularly the concept of life cycle thinking.
Figure 7
Generic life cycle of a product [47] Despite the widespread recognition of LCA, it is important to acknowledge its limitations. LCAs typically only assess environmental burdens, thus they cannot be used as the sole tools for decision-making processes; indeed, LCAs are typically used in conjunction with social impact studies and full life cycle costing (or other economic assessment) in decision-making processes, although there has been research into investigating how social indicators may be able to be quantified and hence integrated as part of the life cycle inventory [51] . LCAs are spatially and temporally limited, in that the basis chosen for a particular LCA study only takes into account impacts at a specific time (or set of conditions) for a certain general location, although some work has been done towards incorporating these aspects [52] . Full LCA studies are also generally time-consuming and complex.
Metrics and Indicators
Metrics and indicators represent the basic building blocks of measurement tools and methodologies in sustainability assessment. The two words are typically interchangeable. Metrics provide the basis for quantitative sustainability measurement and assessment, which is most useful to the engineering and scientific fields, particularly where metrics in sustainability assessment can be linked to traditional and emerging engineering tools such as simulators and life cycle assessment. Metrics also provide useful measures that can be integrated into accounting and risk assessment.
The bases of many sets of metrics draw upon the key elements of frameworks and the embodied concepts with the frameworks; for example, the extensive sets of metrics which are based on the triple bottom line contain measures which would either enhance or diminish stocks of economic, environmental or social equity. Metrics are then selected and refined based on the application required, the process being evaluated and what can be conceivably measured.
Most often, sustainability metrics are created using a top-down approach, whereby metrics are selected to fit a sustainability framework. A bottom-up approach for creating metrics (i.e. through stakeholder engagement) is possible, but care needs to be taken to ensure that metrics are relevant to sustainability performance; in particular, multi-stakeholder engagement and approaches to identify appropriate indicators for measuring sustainability are crucial to a defensible analysis [53, 54] .Moreover, as many sustainability metrics are developed for general applicability, they tend to lack a connection to the local context, which is ultimately essential for knowing the real impact of an operation or process [55] . Ultimately, a combined approach is advisable, ensuring adherence to fundamental sustainability principles but at the same time ensuring practicality and applicability for the task at hand.
The selection of indicators is important, as rigorous processes are required to avoid irrelevancy -hence a variety of guidelines have been produced [56] . Belton and Stewart give eight guidelines for selecting indicators as a result of considering the value of the issues for the task at hand:
(a) value relevance; (b) understandability; (c) measurability; (d) non-redundancy; (e) judgmental independence; (f) balance of completeness and conciseness; (g) operationability; and (h) simplicity versus complexity [57] . These guidelines should be adhered to as closely as possible in order to ensure effective use of indicators in multi-criteria decision analysis [58] .
The Global Reporting Initiative
Of all the indicator systems in the world, the Global Reporting Initiative (GRI) is the most extensive and widely subscribed to. First established in 1997 by the non-profit group CERES, the GRI has grown to be a multi-sectoral set of indicators to measure economic, environmental and social performance. The GRI was initially created to promote a unified, transparent, reliable and complete method of reporting for sustainability. The use of the GRI is governed by the G3 Reporting Framework [59] , which consists of the following components:
• Principles and Guidance: contains the overarching guidelines for using the GRI and how to write an effective sustainability report.The principles are used to test and elicit what needs to be reported as well as a means of testing how well it has been reported. monitor all the data required for them precludes the use of the full GRI set for almost any day-to-day operational purpose, however it is more commonto only select specific indicators from the GRI set; the selection of indicators is based on those that are of interest to the task at hand and which display the most variation between different scenarios. The GRI indicators have also been shown to be largely available from legislated reporting requirementsespecially the environmental indicators -which may lead to some streamlining of their derivation [60] .
Ecological Footprint
The ecological footprint is both a framework and an aggregate measurement developed in 1990 by Mathis Wackernagel and William Rees at the University of British Columbia [61] . Ecological footprint is defined as the area of biologically productive (or bioproductive) land and water needed to produce required resources and assimilate generated wastesusing prevailing technology [61, 62] . Ecological footprint may be measured as the total bioproductive area required for human activity and its associated impacts; when used for socio-economic purposes and policy making, it is often stated in terms of area per capita.
Ecological footprint is commonly interpreted as a metric, however it also lends itself as a framework as it describes a paradigm that the global demands (through consuming resources and generating wastes) can be attributed to the services of the biosphere, namely through the land and the sea; as a corollary, the extent of the services offered by bioproductive land can be quantified. This latter fact is an advantage (i.e. provides a central, unified measure across several types of indicators in order to allow for objective judgements between different footprint measures) as much as it is also a drawback: the ecological footprint is figured on the assumption that the earth provides an equal -albeit averaged -bioproductivity for every unit area available, which is not the case. As well as this, the ecological footprint being a single indicator does not give insight into what the individual impacts are [35] . The ecological footprint must be interpreted for what it is: it is a measure of the demand of biosphere services and thus it is principally an environmental indicator/measure; the economic and social indicators are precluded [41] .
Ecological footprint vastly reduces the complexity of human impacts on nature (to appropriated biomass) and thus only offers a partial assessment of global sustainability [62] . These deficiencies, however, have not stopped the ecological footprint from becoming one of the most common measures of sustainability today. The simplicity of a single measure has possibly encouraged its use in policy decision-making in several levels of government around the world [61] , particularly in driving the environmental agenda.
Discussion
A corollary of the multi-faceted nature of sustainability is that there are a large number of frameworks, indicators and metricsalong with supporting and implementing tools -that are available for guiding and assessing for sustainability. However, the ability to make decisions based on the outputs of such tools and indicators is limited when they are used in isolation due to hidden assumptions. To this extent, it is necessary to select the correct indicators or tools for the correct application, which may involve a conceptual compromise, i.e. to accept the "incompleteness" of an assessment based on the selection of tools or methodologies that will still fulfil the primary purpose of why the assessment is being conducted. The publicly available literature shows a high degree of adoption of sustainability at the corporate level; however, the degree of integration of sustainability at an operational / practical level is still limited. Moreover, although studies do exist where operations are starting to integrate common indicators like energy usage, water usage and carbon dioxide emissions, it is now more important to adopt a more holistic view of sustainability by targeting (a) a greater range of sustainability indicators, such as minor and fugitive elements, (b) the consideration of various levels of the production cycle in order to better understand the origin and effects of sustainability impacts and benefits, and (c) a structured process by which to establish, characterise and understand such sustainability impacts and benefits in order to better utilise them in day-to-day decisionmaking processes. The GRI provides a comprehensive reporting platform and an extensive suite of indicators that could be suitable to measure at an operational level; however, the effort required to conduct a GRI-like analysis on a day-to-day operation would be significant.
Conclusions
This review has demonstrated that the development of the theories and concepts of sustainability are relatively mature, however due to the multi-faceted nature of sustainability, it is a difficult concept to apply successfully, especially when the application moves away from a policy-oriented one to a technically-oriented one.
In general, for researchers across a variety of fields, and for practitioners based in real business or industrial operations who wish to analyse or incorporate sustainability in their work, it is important to consider whether the framework, indicators and tools that they are applying reflect a broader and deeper understanding of sustainability. Many efforts in engaging with sustainability only focus on a single element -such as the environmental impact -disregarding the other elements which are almost universally considered to be important (at least the economy and society). Likewise, there is a tendency in research to utilise a top-down approach that does not integrate the preferences or priorities of the community, thus limiting the ability to communicate the message or benefits of a technology, policy or operation.
